Energy security can be considered as both an international and a national security issue that may lead to cross-national tensions. Europe is facing some challenges and also has possible opportunities to avoid or to overcome these challenges. The crisis in Ukraine, with its importance as an energy corridor for Europe, is a threat to energy security at a time when political tensions have increased between Ukraine and Russia. Iran could be considered as an alternative source of energy for the European market, but there is a longstanding dispute between Iran and the West involving economic sanctions. Iran is not only the holder of the largest natural gas reserves and the fourth largest crude oil reserves in the world (BP 2014), but it is also located in a geopolitical area.
In this research, we review the relevant literature on the current state and effectiveness of developing renewable energy on energy security. The review uses primary energy import sources, possible alternatives, and considers how energy security in Europe is affected by the sources. For this purpose, the Herfindahl-Hirschman Index (HHI) is calculated to measure the level of energy security for selected countries. We also examine EU energy policy, try to analyse the reasons why Europe should adopt a new energy policy direction, and we suggest alternative solutions for enhanced energy supply security. The aim is to suggest suitable solutions for energy security in Europe through energy supply diversification, including alternative energy corridors, to reduce dependency on Russian supplies and enhance the power generated by renewable energy sources in order to meet energy targets based on the EU 2020 strategy including greenhouse gas (GHG) emission reduction, 1 renewable energy deployment, and energy efficiency enhancement. The information used for the chapter is derived mainly from official reports and is based on secondary data sources.
The rest of this chapter is organized as follows: Section 15.2 discusses the effects of renewable energy development on energy security. Section 15.3 deals with the challenges in the Middle East and the balance of energy demand and supply in Europe. This is followed by a discussion of import sources and possible alternatives for Europe in Section 15.4. Section 15.5 presents a policy framework aimed at enhancing energy security in Europe. Section 15.6 provides a conclusion.
THE EFFECTS OF RENEWABLE ENERGY DEVELOPMENT ON ENERGY SECURITY
Ongoing concerns about energy security have been raised since the Arab oil embargo in 1973 when oil importing countries in Europe and elsewhere were faced with the effects of high oil prices and limited energy supplies. Although concerns about energy security started waning with low oil prices in the 1980s, oil prices increased again over the next decades. Considering the importance of energy for economic development and growth, industrialized countries focused on alternative policies to enhance alternative energy sources such as nuclear power and renewable energy. Over recent years, climate change and environmental protection have been at the core of energy policies together with energy security. Nuclear power and renewable energy sources have been suggested as alternative sources since the 1970s. However, since the Fukushima Daiichi nuclear disaster in Japan in 2011, energy policies in relation to nuclear power plants have been reshaped around the world. Deese (1979) discusses the economic, political, and security aspects of energy. Energy security is achieved when stable sources of energy are available at affordable prices. It is possible to attain high energy security through internal (domestic) or external (imported) energy supplies. Russia has been the main source, providing 41 per cent of total European imports of energy in 2014 (BP 2015a) . Germany has been importing 45 per cent of its natural gas demand from Russia. Considering the disputes that have occurred between Russia, Ukraine, and Western powers over recent years regarding gas transmission and political interventions, European countries are looking for sustainable sources of energy to diversify their energy supply sources. Policy makers have therefore been trying to enhance the deployment of renewable energy sources through different incentive policies such as feed-in-tariffs and renewable portfolio standard carbon tax.
Natural Gas and the Interplay with Renewables and the Environment
The literature about natural gas and the interplay with renewables, particularly related to temporal transitions, energy/environmental policies, and energy security, has been developing rapidly. Creutzig et al. (2014) view the energy transition in Europe as catching two European birds (mitigating climate change and energy security crisis) with one renewable stone. The governance of natural gas transit in Europe is investigated by Bouzarovski, Bradshaw, and Wochnik (2015) . They develop a theoretical framework to explore the regulatory practices and spatial features of this unexplored infrastructural realm. This chapter reveals emerging new socio-technical assemblage and institutional orders other than the traditional organizational arrangements. The interaction of risks associated with natural gas and renewable resources for electricity is analysed by Esposito, Krupp, and Carley (2015) . They identify risks relating to development, construction of power plants and transmission systems, planning, costs, and policies decisions, and show how the risks can potentially be offset. Lee et al. (2012) , in the case of the United States (US), find natural gas and renewable energy technologies enjoy many complementarities arising from their similarities, but find that their dissimilarities provide the biggest opportunities for mutually beneficial collaboration. Mediavilla et al. (2013) refer to the physical limits and temporal conditions in the transition from an oil economy towards renewable energies. The temporal dynamics of energy transitions is studied by Sovacool (2016) . The focus is on the speed at which transition can take place and causal complexity underlying the conceptions and definitions of energy transitions. Fischhendler and Nathan (2014) , in their study of energy security in Israel, find the concept of energy security open to manipulation and various interpretations by inter-ministerial committees. The security concept differs from environmental acceptability and interdependency, supply reliability, and geopolitical benefits. Verdeil et al. (2015) also discuss the challenge of the transition to development of urban natural gas in the Mediterranean Metropolis. The issue of accurately forecasting the availability of natural gas to ensure sustainable energy policy is emphasized by Darda, Guseo, and Mortarino (2015) . The use of alternative reserve estimates for South Asian natural gas shows where in the region the reserves allow for building a sustainable power reserve system for natural gas to meet increasing energy demand in the medium term. Ghezelbash et al. (2015) emphasize the use of high net present values of selected systems in the assessment of performance of natural gas expansion. Kahrl et al. (2013) analyse the changes necessary to increase the share of natural gas in China's electricity mix.
Renewable Energy Development
As mentioned in Section 15.2.1, renewable energy sources have been developed to enhance energy security and emission reduction. European countries are at the forefront when it comes to improving efficiencies and using renewable energy. Also, tax policies have been applied by these countries in order to reduce liquid fossil fuel consumption. It is expected that liquid fuel consumption in the Organisation of Economic Co-operation and Development (OECD) countries will be 14.0 million b/d (barrels per day) in 2040 which is 0.8 million b/d lower than the 2010 level (EIA 2014) . The importance of developing renewable energy has been highlighted by climate change and energy security issues through the excessive consumption of fossil fuels, political instabilities in the Middle East, and uncertainty around supply disruptions due to political disputes in Ukraine. Germany is considered to be the forerunner when it comes to generating renewable energy, because it was able to raise the share of renewable energy sources in its fuel-mix to more than 10 per cent in 2014.
Renewable energy has been developing rapidly in recent years. Reductions in costs due to economies of scale and use of advanced technologies have made it possible for countries to generate renewable energy more efficiently and cost-effectively. As can be seen in Table 15 .1, Solar PV accounted for the largest reductions in costs during the last decade. Renewable technologies may not be compatible with conventional fuels due to unit costs, but they could be feasible if we were to consider associated externalities such as carbon emissions and social effect. Notes: CCGT=combined cycle gas turbine; OCGT=open-cycle gas turbine; CCS=carbon capture and storage; CSP=concentrated solar power; PV=photovoltaic; NA=not available; US=United States. Source: Adapted from EI (2015).
Also, economies of scale are crucial for reducing unit costs. Bohi and Toman (1993) studied energy security by looking at externalities and policies. Table 15 .1 shows that Solar PV is expected to be the least expensive powergeneration technology by 2050. The unit cost for this technology reduced by 74 per cent during 2000-15 and it is forecast that this will reduce further by another 62 per cent over 2015-50. Therefore, Solar PV could be considered as an alternative source of energy in decent sunlight conditions, for example, in Central Europe. Currently, nuclear power is being considered as an alternative to fossil fuels in European countries, but these countries are also coming under pressure to stop the operation of existing nuclear power plants. There has been a de facto moratorium on the construction of new nuclear power plants, with phase-outs announced by Sweden, Germany, Switzerland, Spain, Belgium, and the Netherlands (Asif and Muneer 2007) . Additionally, high primary energy prices combined with energy support policies have been the main driver in enhancing renewable energy sources. Many OECD countries have enacted national policies to support sustainable development through clean technologies. These policies deal with a wide range of objectives such as energy security, market competition, and environmental protection. Economic feasibility is at the core of renewable energy development. Without this essential parameter, renewable energy technologies will not be able to compete with conventional fossil fuels. Table 15 .2 shows the growth rates of wind and solar energy consumption as the main renewable energy sources, based on region, over the period 2010-14.
Based on the figures presented in Table 15 .2, we see a rapidly increasing trend (as high as a 3-4 digit growth rate) during 2010-14 for wind and solar energy consumption. In parallel with non-oil and gas producing countries, even countries located in the Middle East are determined to develop solar energy for environmental reasons. Among individual countries, the US had In the future, natural gas will play a critical role in the global energy market due to its advantages relating to prices, availability, cleanness, and security. Currently, European countries greatly depend on Russia as a supplier of natural gas. After the Fukushima disaster, nuclear power has lost its priority in the energy portfolio of EU-28 countries and alternative clean energy resources are being seriously considered. However, the generation capacity of renewable energy sources is not enough to cover the gap created by shutting down nuclear power plants completely. If this trend aggregates with climbing demand in the natural gas sector, Europe will depend more on foreign energy resources and major producers.
In the past, the EU built an integrated single energy market to be used as an asset in relations with neighbouring supplying countries. Therefore, when we talk about supply diversification, not only different sources of energy but also different exporters and transit routes should be taken into account for the EU. Europe therefore needs to design an energy policy based on regional integration in order to use it as leverage for making long-term and stable partnerships with major suppliers. This new policy should create an ability to develop concrete mechanisms to deal with emergency situations arising from changing attitudes on the supply side. Vivoda (2009) asks whether diversification of oil import sources and energy security is a key strategy or an elusive objective. Nuttall and Manz (2008) discuss a new energy security paradigm for the twenty-first century.
Considering this perspective, Europe needs to try and have a close relationship with the Caucasus region to improve supply security and to establish an international partnership. The Caucasus has started an ongoing trend of capturing larger shares of the EU energy market, while export capacity is affected by increasing domestic demand. Furthermore, there are some constraints on exports because of limited investments, lack of transport infrastructure, lack of technology, and only a few available transit routes. Europe depends on Russian energy sources, and Qatar's exports cannot decrease Europe's energy vulnerability. Russia's position as a dominant supplier in the European energy market along with the EU's limited internal resources is forcing the EU to consider other suppliers in the Persian Gulf region. In this regard, Iran could serve as a candidate for changing the EU's energy portfolio.
Energy Policy in Europe
The location of existing oil reserves does not align with population concentration and energy use structures around the world. As an example, consumption in Asia-Pacific, Europe, and North America accounts for almost 77 per cent of the total world consumption, while they control only 19 per cent of the global oil reserves (BP 2015a). At the same time, the former Soviet Union, Middle East, South America, and Africa consume 26 per cent while they control 81 per cent of the world's oil reserves.
A majority of energy suppliers are located in politically unstable regions, such as the Middle East, Latin America, and Africa, which poses high potential risks due to political instability (in Iraq, Syria, Venezuela, and Nigeria). There was a longstanding dispute between Iran as a key supplier in the Middle East and Western powers, but this has been resolved recently. The changed relations could offer great potential for an alternative solution for the EU's supply diversification plans. Therefore, EU countries need to use a specific energy policy framework or energy diplomacy in order to take advantage of competition among suppliers including Iran.
Energy security can also be improved by replacing more vulnerable supplies with stable sources of supplies. More than 40 per cent of Europe's imported natural gas through pipelines comes from Russia (BP 2015a). The gas supply dependency of Ukraine and Belarus on Russia is 74 per cent and 100 per cent respectively. Considering that Ukraine is the main transit route for Russia to export natural gas to Europe, the EU, as a third party, could suffer because of any supply disruptions caused by a Ukraine-Russia dispute (gas pricing, transit fee, or other political issues affecting the two countries' relations).
'Optimal policy can be achieved by pricing both energy security and greenhouse gas abatement and pursuing each technology to the point where its additional cost is equal to the marginal benefits achieved in both dimensions' (Brown and Huntington 2008) . There are three key targets under the EU 2020 growth strategy that are supposed to be met by the year 2020. First, a 20 per cent cut in greenhouse gas emissions from the 1990 level. Second, 20 per cent of energy to come from renewable energy sources. Third, a 20 per cent improvement in energy efficiency. The effects of renewable energy technologies, energy efficiencies, and market regulation on carbon emission reduction are very important for this purpose. Different energy policies may interact with each other. These interactive effects should be accounted for in policy-making.
Indicators that are considered for supply diversification and energy security include import dependency, fuel-mix, and stocks of critical fuels (Bhattacharyya 2011) . The percentage of dependency on fuel imports shows the potential of the risk. This dependency may not be the same for all fuel types. Some countries are self-sufficient in producing one fuel type but they have to import another one. A ratio of the fuel-mix can be used by countries in order to diversify sources of energy supply. The EU has developed renewable energy sources in recent years and the region has also changed the major source of motor fuels from gasoline to diesel.
The Monopolized Energy Market and the Necessity of Including New Suppliers
Undoubtedly, Russia is the largest supplier of natural gas for EU countries. Russia has the second largest natural gas proven reserves in the world and enjoys a monopoly in the European energy market, but we cannot ignore the other players in the market. Some countries such as Azerbaijan, Algeria, Nigeria, and Qatar have specific shares in gas supply to Europe. But in the future we must observe some variations in these supplies which may cause certain problems for EU countries. A similar situation may apply in the case of crude oil. Natural gas reserves have not been concentrated as much as crude oil, but Russia together with the Caspian Sea and the Middle Eastern regions is the owner of about half of the total natural gas reserves in the world. Major consumers, including the EU, will be more dependent on the same regions for importing oil and gas. We should keep in mind that there is rapid growth in energy consumption in developing countries such as China and India; they are looking for sources of energy in these regions too. So finding a new source of energy and a sustainable supplier is very important not only for Europe, but also for major emerging economies like China and India. In other words, the Middle East is a kind of battlefield between Western and Eastern powers to win a greater share of oil and gas resources to obtain long-term influence over the sector. Therefore, the security of oil and gas supply to the EU in the long term depends on having access to producing areas.
IMPORT SOURCES AND POSSIBLE ALTERNATIVES FOR EUROPE
Comprising more than 40 per cent of the world's crude oil and natural gas proven reserves, the Middle East is the key region for energy supply. The free flow of oil to world markets from the Persian Gulf region forms a vital part of major security issues. Table 15 .3 presents a security index for some countries over 1980-2012 in the EU, including Germany, Spain, France, Italy, the Netherlands, Sweden, and the UK. Net energy imports have been used as an energy security index in this table. Net energy imports are calculated as a percentage of energy use (production is excluded).
The HHI can be used to measure the level of energy security. However, this index has a disadvantage as it does not take political risks into consideration. The UK, Germany, Italy, and Spain had HHI above 2000, indicating that these countries were highly concentrated for power generation (Bhattacharyya 2011) . We calculated the HHI of fuel-mix concentration for the selected countries for the period 2000-14. Figure 15 .1 shows the index values. Consistent with Bhattacharyya's study, our calculations show clearly that these countries rely heavily on fossil fuels for power generation.
With the exception of France, we see a declining trend in the fuel-mix concentration since 2009. This shows the effect of the 2008-9 crisis on energy consumption. Policy makers tried to support alternative energy sources and enhance energy efficiency which led to decreasing levels of concentration. We find that Germany's energy policy was more stable than that of other sample countries. Also, Germany had the lowest HHI among the five selected countries, while Italy and Spain showed significant improvements in HHI measurements after 2009. However, the level of concentration in the countries chosen indicates that supportive policies should be the focus of policy makers for diversifying energy sources. The diversity in the fuel-mix of primary energy consumption in some European countries is shown in Table 15 .4, which gives the level of fuel-mix concentration of energy consumption in seven European countries for 2010 and 2014.
Unlike Scandinavian countries, which rely mainly on hydropower, EU-28 will be relying on natural gas resources rather than on clean energy in the future. This implies that these countries need to develop relations with the main suppliers and transit countries. Although part of Europe's energy demand could be covered by domestic suppliers in the east and north of the continent, the EU imported around 78 per cent of crude oil consumption for 2014 (BP 2015a). Despite Europe being at the forefront of renewable energy deployment in recent years, the table shows that fossil fuels still remain the main source of primary energy consumption in the region.
Import Sources for Europe
Currently, Russia is considered to be the main source of energy for Europe. Pipelines are not only a means of transportation for natural gas and crude oil transmission, they also play a critical role related to geopolitics and energy security. The Russia-Ukraine dispute in 2009 over pricing, when Russia cut off gas supply to Ukraine and allowed increased flows to South Eastern Europe and to some parts of Central and Western Europe, is the best example of pipeline politics leading to an energy crisis in Europe. The importance of pipeline transmissions is also relevant in Central Asia and the Caucasus. Europe is looking for supplies for reducing its dependency on Russia.
In 2014, more than 30 per cent of energy trade movement through pipelines in Europe was supplied by Russia. Europe imported 365.70 bcm (billion cubic metres) of natural gas (320.8 pipeline, 44.9 Liquefied Natural Gas, LNG) in 2014 (BP 2015a). A major part of the LNG import demand in Belgium, France, Given current tensions between Russia, Ukraine, and Turkey, there is increasing concern about potential disruptions to the security of energy supply to EU consumers in the long term; pipeline connections running from the East to the West should be given special priority in order to mitigate these (Lise, Hobbs, and Van Oostvoorn 2008) . Iran could be considered as a potential source in this regard. Security and the diversification required for EU energy supply highlight the significance of an energy corridor bridging the large natural gas reserves of the Caspian region, including those in Iran, with the EU market (Mavrakis, Thomaidis, and Ntroukas 2006) . The EU has failed to create coherent energy security and energy foreign policy since the RussianUkrainian gas conflict in January 2006. Supply diversification through the aforementioned countries and implementing an energy policy of decreasing their overall gas demand will enable EU countries to reduce Russia's gas exports (Umbach 2010) .
Renewable Energy Technologies as Alternative Sources
At individual country level, Germany has the highest rate of economic growth together with the highest level of installed capacity of renewable energy sources (Moutinho, Moreira, and Silva 2015) . Natural gas is able to bridge the transition period required for renewable energy technologies to facilitate larger energy deployment in order to make it feasible from an economic point of view. It is forecast that natural gas consumption in Europe will be 650 billion cubic metres of natural gas (bcma) in 2020 and 780 bcma in 2030, while conventional gas production will decline to 230 bcma in 2020 and 140 bcma in 2030 (Weijermars et al. 2011) .
Some scholars believe that transition progress for renewable energy sources such as wind and solar will happen after 2020; even the growth rate of consumption will increase rapidly during the next decade. Also, renewable energy markets are not formed easily due to cost disadvantages and subsidized fossil fuels (Jacobsson and Bergek 2004) . Some countries such as Indonesia took advantage of falling oil prices during 2014-15 to reduce subsidies paid for fossil fuels, but still a large amount of subsidies are paid by oil-rich countries. Because of the negative and irreversible externalities associated with conventional energy production, what is required is enhancing renewable energy supply technologies.
Economic policies can be used as incentives for enhancing production and use of renewable energy sources. Also, charging taxes on emission generation or fossil fuel consumption can be used as a supportive policy to promote the deployment of renewable energy. There are three types of supportive mechanisms that are widely used by states to promote renewable energy technologies: feed-in-tariffs (FIT), tax incentives, and renewable portfolio standard (RPS). Both FIT and RPS mechanisms have been applied by the EU to develop renewable energy technologies and it therefore has experience with both of these mechanisms. FIT policy has led to the rapid expansion of power generated by renewable energy sources and it has been employed more than the RPS mechanism (Rickerson and Grace 2007) .
A comparison of these policies indicates that FIT is an appropriate policy for developing renewable energy sources when a low level of risk for investors is required. However, the RPS mechanism works well when the government wants to use a market view policy. Europe intends to organize a single harmonized FIT system though this is impossible because of different policies across the countries in the EU. The RPS system has not been implemented in Europe because the FIT system has been used by most EU countries. Hence, FIT policies are suitable for encouraging development of renewable energy sources, while the RPS mechanism should be applied to renewable energy sources promoted to a certain level .
Considering the outlook for the renewable energy market, what is required is a marketplace where small volumes of power generated can be traded. If such a marketplace does not exist then enhancing renewable energy will be limited to individual households to cover their own demands. Power generation by renewable energy sources can also benefit from integration of technologies. Integrating distributing and renewable energy sources and smart grids within local marketplaces for trading renewable energy in small units can be a promising combination for developing renewable energy sources across the EU .
The 2020 strategy sets three critical targets for renewable energy enhancement to meet by 2020. This includes GHGs reduction, renewable energy deployment, and energy efficiency improvement. These targets could be achieved by developing renewable energy sources, technological change, and market regulation on carbon emissions. An estimated model shows that the role of governmental policy-making is more important than economic growth.
A NEW EUROPEAN POLICY FRAMEWORK
Energy security has moved up the EU's priority list. A high import dependency is not considered a problem in itself but it becomes an issue when supply is interrupted. In spite of Europe's struggle for energy saving and improving the share of renewable energy in its energy basket, the region remains highly dependent on imports, especially of natural gas. The EU's collaboration has to extend to the Persian Gulf, East Mediterranean, and the Caucasus area because Europe plays a critical role in the supply side of energy markets. Limited natural gas resources in North Africa may lead to an increased focus on Azerbaijan, Turkmenistan, Iraq, Qatar, and Iran as substitute sources. Due to existing infrastructure problems, limited investments in gas fields, and underdeveloped transit routes in these countries, Europe has to share the costs and benefits with the owners of energy resources.
A common energy policy applied by EU member countries enables them to have a well-interconnected market in order to avoid possible supply disruptions. These countries can create a competitive market for suppliers through international collaborations with all market players. There are also economies of scale in building necessary infrastructures. Considering certain targets for reducing carbon emissions which have been defined by different scenarios, it is crucial for the EU to choose an optimal and proper direction for enhancing energy efficiency. The share prices of major manufacturers of solar panels in China and wind turbines in Denmark have decreased due to a sharp decrease in crude oil prices. This suggests that clean energy policies are influenced more by economic conditions than by environmental concerns.
In this research we aimed to define a policy framework for the EU's energy security. Considering the small share of power currently generated by renewable energy sources, it is necessary for EU countries to design an applicable green pathway in order to achieve energy supply security (Heshmati 2014) . In order to improve energy efficiency and power generation by renewable energy sources, high-level commitment, investment resources, and efficient management are required for the development and implementation of policies and programmes (Gellings 2009 ). There are some barriers that should be removed in order to facilitate the market creation process.
The Middle East and the Caucasus are two main strategic regions for the supply of natural gas to Europe. For renewable energy to be enhanced, a marketplace for green energy needs to be designed in order to promote market liquidity. Developing renewable energy has relied on public support and economic incentive programmes, but this has been affected by the economic crisis. A proper marketplace for trading the power generated by distributing renewable energy sources installed by households, combined with support policies for enhancing energy efficiency will lead to promoting market liquidity (see Heshmati and Abolhosseini 2014; Heshmati, Abolhosseini, and Altmann 2015) .
A multidimensional policy approach is required for achieving sustainable energy security in Europe. Important dimensions of this policy include improved security, lowered dependency, increased share of clean and renewable energy, diversified energy sources, and common energy policies. As such, it is necessary to create a balanced security situation incorporating all potential market partners through international cooperation. For this to happen, a proper policy design, effective policy-making for internal efficiency, and diplomacy in external energy are required so as to be able to take advantage of international cooperation.
SUMMARY AND CONCLUSION
The free flow of oil to world markets from the primary energy sources is a vital part of energy safety issues. Energy security can be considered as both international and national security issues that may lead to cross-national tensions. Europe is faced with some challenges and also has possible opportunities to overcome these challenges. The Ukrainian crisis and its importance as an energy corridor for Europe is a threat to energy security when political tensions increase between Ukraine and Russia. Iran could have been considered as an alternative source of energy supply for Europe, but there has been a longstanding disagreement between Iran and the West involving economic sanctions.
The nuclear deal between Iran and Western powers in July 2015 (effective on 16 January 2016) may facilitate possible changes that could build a bridge between Iran's natural gas sources and major consumers in Europe. Iran is not only the holder of the largest natural gas reserves and the fourth largest crude oil reserves in the world, but it is also located in a geopolitical area. The EU is diversifying its energy supply in order to reduce its dependency on Russia. In this regard, renewable energy technologies are an alternative means of power generation. The EU has made sizable investments and the use of advanced technologies enables the countries to produce renewable energy more costeffectively. The power generated by these sources also continues to increase. This is consistent with sustainable development goals.
